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Presentation and management of carotid artery
aneurysms and pseudoaneurysms
Karan Garg, MD, Caron B. Rockman, MD, Victoria Lee, MD, Thomas S. Maldonado, MD,
Glenn R. Jacobowitz, MD, Mark A. Adelman, MD, and Firas F. Mussa, MD, New York, NY
Objective: The objective of this study was to review a single-institution contemporary experience with extracranial
aneurysms of the carotid artery.
Methods: A retrospective review was conducted of patients evaluated for an aneurysm of the extracranial carotid artery
from 2005 to 2010. Demographics, presentation, and operative management were reviewed. The mean follow-up was 22
months (range, 1-58 months).
Results:Over the study period, 16 aneurysms and pseudoaneurysms were identified in 15 patients. Of these, 14 aneurysms
(in six men and eight women with mean age of 63 years) underwent surgical repair. The mean aneurysm size was 2.45 cm
(range, 0.8-5 cm). One aneurysm (7.1%) was associated with neurologic symptoms, and 13 were asymptomatic. The
underlying etiology was trauma in five (35.7%), prior carotid endarterectomy in five (35.7%), and degenerative
atherosclerosis in four (28.6%). Aneurysms were isolated to the common carotid artery in six (42.9%), internal carotid
artery in five (35.7%), and carotid bifurcation in three (21.4%). Five patients underwent aneurysmectomy with primary
repair, seven underwent repair with an interposition graft, one required an innominate to common carotid artery bypass,
and one patient had a plication and patch angioplasty. No mortalities or neurologic events were documented within 30
days. One patient had transient cranial nerve palsy. One patient required reintervention at 4 months for stenosis of
the bypass graft, and one patient died at 10 months from an unrelated condition. There were no neurologic events on
follow-up.
Conclusions:Carotid artery aneurysms and pseudoaneurysms are uncommon and usually asymptomatic. Prior trauma and
carotid surgery were common etiologies. The location of the aneurysms was equally distributed between the internal and
common carotid arteries. Surgical repair was safe and effective with no significant morbidity or mortality and good
midterm stroke prevention. (J Vasc Surg 2012;55:1618-22.)
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tAneurysms of the extracranial carotid artery (ECCA)
are rare, with a reported incidence of 0.2% to 5% of all
carotid artery surgeries.1-3 Most reports have included var-
ious etiologies and different interventional approaches
based on patient anatomy, comorbidities, and physician
preference. Regardless of technique, repair is recom-
mended for ECCA due to their inherent risk of neurolog-
ical symptoms and/or rupture.4-6 Despite the increasing
role of endovascular therapy in treating vascular disease, we
believe that open surgical repair, albeit challenging, re-
mains the most appropriate approach for ECCA.We herein
report our operative experience in the management of
ECCA over the last 5 years.
METHODS
A retrospective review was performed between March
2005 and November 2010 of all patients with the diagno-
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1618is of aneurysm of the neck (International Classification
f Diseases, Ninth Revision 442.81) at a single acade-
ic institution. We reviewed demographics, comorbidi-
ies, preoperative imaging studies, treatment indication,
ethod of repair, and outcome.
All patients who underwent repair were followed clini-
ally and with duplex ultrasound. Outcome included peri-
perative (30-day) stroke and mortality rates, as well as
troke and mortality rates on midterm follow-up. For the
atients who were managed nonoperatively, endpoints in-
luded changes in aneurysm characteristics on imaging
nd/or development of symptoms.
ESULTS
Patient and operative characteristics. Over the re-
iew period, 6652 carotid vascular studies were performed
t our laboratory. We performed 772 carotid endarterecto-
ies for carotid artery stenosis and identified a total of 16
neurysms in 15 patients. ECCA aneurysm repairs com-
rised 1.9% of all carotid repairs done at our institution. All
atients underwent preoperative imaging (Figs 1-3). Four-
een (six men and eight women) aneurysms underwent
urgical repair of their ECCA. The mean age was 63 years
range, 24-87 years). Patient demographics and operative
onsiderations are listed in Table I.
Etiology of aneurysms. Five patients had a history of
rauma (35.7%); prior carotid endarterectomy was respon-
ible for five pseudoaneurysms (35.7%), and atherosclerosis
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Volume 55, Number 6 Garg et al 1619for four aneurysms (28.6%). Underlying etiologies of
ECCA are listed in Table II. All traumatic pseudoaneu-
rysms involved blunt injuries and presented in both acute
and delayed fashion. Two patients presented immediately
after the event: a motorcycle collision and direct neck
trauma, respectively. The remaining three patients were
identified on carotid ultrasound many years later. One
patient had a trampoline accident 6 years prior, the second
sustained a motor vehicle collision 20 years prior with neck
hyperextension, and a third patient had a central venous
catheter placed on the affected side during a prolonged
hospitalization and presented a year later. Among patients
with pseudoaneurysms associated with prior carotid sur-
gery, all involved prosthetic patches. The carotid endarter-
ectomies were performed 2, 8, 12, 15, and 19 years prior to
the ECCA aneurysm repair. The patient who presented at 2
years had chronic sinus infection that seeded the carotid
patch.
Indication for repair. The mean aneurysm size was
2.45 cm (range, 0.8-5 cm) in greatest diameter. The small-
est, measuring 0.8 cm, was a pseudoaneurysm in the inter-
nal carotid artery (ICA). Aneurysms were isolated to the
common carotid artery (CCA) in six (42.9%), ICA in five
(35.7%), and carotid bifurcation in three (21.4%; Fig 4).
One aneurysm (7.1%) was associated with neurologic
symptoms, including amaurosis fugax with radiologic doc-
umentation of embolic infarcts. Two patients presented
with pulsatile neck masses. The remaining aneurysms were
asymptomatic at the time of diagnosis.
Types of repair. Five patients underwent resection
Fig 1. Aneurysm of the internal carotid artery (ICA).and primary repair. One patient had an aneurysm that dxtended to the innominate artery. During the repair, the
seudoaneurysm ruptured, and a sternotomy was per-
ormed with innominate to CCA bypass used to recon-
truct the carotid artery. Seven patients underwent repair
ith resection and bypass (three using prosthetic grafts and
our using saphenous vein). One patient was transferred to
ur institution after a failed attempt for endovascular repair.
hat pseudoaneurysm was repaired with Dacron patch
ngioplasty. The details of the operative procedures are
ummarized in Table III.
Two patients required shunting. One patient had con-
ralateral occlusion of the ICA, and repair was performed
nder regional anesthesia. The second patient was shunted
ue to electroencephalography (EEG) changes under gen-
ral anesthesia. Regional anesthetic block was used in 10
atients and general anesthesia in four. All repairs per-
ormed under general anesthesia had EEG monitoring. All
atients were placed on antiplatelet therapy with lifelong
spirin.
Surgical outcomes. Technical success was achieved in
ll patients. There were no deaths or postoperative strokes
t 30 days. One patient required reintervention at 4months
Fig 2. Aneurysm of the carotid artery bifurcation.ue to significant stenosis at the distal end of the anasto-
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Fig 3. Aneurysm of the common carotid artery (CCA).
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June 20121620 Garg et alosis. This patient had a prior endarterectomy with pseu-
oaneurysm of the patch requiring ligation and saphenous
ein bypass in an end-to-end fashion. He presented with
ig 4. Distribution of aneurysms. CCA,Common carotid artery;
CA, external carotid artery; ICA, internal carotid artery.
able II. Etiology of aneurysm
neurysm etiology Number of cases
rauma 5
rior endarterectomy 5
therosclerosis 4
able III. Types of repair
perative approach Number of patients
esection with primary anastomosis 5
esection with saphenous vein bypass 4
esection with prosthetic bypass 3
lication and patch angioplasty 1
nnominate to common carotid bypass 1Table I. Patient and operative considerations
Age (mean  SD, years) 63  23
Male gender 6/14 (43%)
Hypertension 9/14 (64%)
Hyperlipidemia 6/14 (43%)
Diabetes mellitus 3/14 (21%)
Coronary artery disease 6/14 (43%)
History of smoking 4/14 (29%)
Asymptomatic 13/14 (93%)
Locoregional anesthesia 10/14 (71%)ransient ischemic attacks and underwent carotid angio-
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Volume 55, Number 6 Garg et al 1621plasty and stenting. One patient had a transient hypoglossal
nerve palsy that recovered within 1 week. There was one
death at 10 months postoperatively from a coronary event.
At a mean follow-up of 22 months, there have been no
reported strokes or deaths. Clinical outcomes are summa-
rized in Table IV.
DISCUSSION
Since Sir Astley Cooper’s first description of proximal
artery ligation to treat a carotid aneurysm,1 the pathogen-
esis, management, and outcomes after repair of these aneu-
rysms has changed substantially. Despite the rapid advance-
ment of endovascular techniques, open surgical repair
remains the favored approach at our institution. Table V
summarizes previous reports in terms of etiology, repair,
and outcome.
ECCAs present as true aneurysms resulting from de-
generative atherosclerosis or false aneurysms (pseudoaneu-
rysm) caused by prior carotid repair or trauma. Atheroscle-
rosis and pseudoaneurysms after carotid repair are now the
two most common causes of ECCAs.6 Less frequent causes
include trauma, infection, and rare etiologies such as colla-
gen vascular diseases, fibromuscular dysplasia, irradiation,
and Behçet’s disease.4
ECCAs should be repaired to prevent embolic strokes.
A review by Winslow indicated that nonoperative manage-
ment had a mortality rate of 71%, while carotid ligation was
associated with 28% mortality.7,8 Surgical treatment gener-
ally involves five options, including clipping, resection and
primary end-to-end anastomosis, resection with interposi-
tion graft, extracranial to intracranial bypass, and carotid
artery ligation.
Repair of ECCAs has undergone a transformation since
the first reported case. Carotid artery ligation is reserved as
last resort or in instances of aneurysm rupture.6 Revascu-
larization after resection, using either bypass or direct anas-
tomosis, is the preferred approach. Dimtza described the
first case of revascularization in 1956, with resection and
end-to-end anastomosis and a favorable outcome at 3
years.9 Zhou et al reported their experience of over 2
decades.10 For the first decade, the 30-day stroke and death
rate was 14% as compared with 5% for the second decade.
They point to the increase use of endovascular therapy in
the latter period and its impact on length of stay and
procedure-related complications.
Due to the distorted local anatomy in patients with
Table IV. Clinical outcomes
Clinical parameter Number of cases
Technical success 14/14 (100%)
Perioperative (30-day) stroke rate 0/14 (0%)
Perioperative (30-day) deaths 0/14 (0%)
Postoperative cranial nerve injury 1/14 (7%)
Mean length of stay (in days with
range)
3.14 days (range, 1-11 days)ECCAs, injury to cranial nerves (CN) IX, X, and XII is a nossible consequential complication of open repair. This
ould be as high as 44% and is temporary in most reports.11
istal ICA aneurysm, redo operations, infection, and prior
rradiation are all contributing factors to CN injury. An
dvantage of endovascular therapy is primarily avoidance of
N injuries, although stenting is considered to be a subop-
imal option when in the face of an infection. We observed
ne incident of transient CN XII palsy, which resolved
ithout consequence.
While perioperative stroke and CN injuries are devas-
ating complications from ECCA repair, long-term out-
omes have also been reported. During mean follow-up
eriod of 4.6 years, Zhou reported 16 deaths out of 42
atients with 11 due to cardiac etiologies (69%).10 Simi-
arly, Rosset reported cardiovascular events as the cause of
eath in two patients among 25 ECCAs that underwent
pen repair.11 In the current series, there were no periop-
rative strokes or deaths, with one death at 10 months due
o a cardiac event.
Reintervention after repair of ECCAs has not been well
eported. Rosset demonstrated one late occlusion at 14
onths, which did not require an intervention.11 Srivastava
t al reported 10-year institutional experience with a pri-
ary patency of 90% at 30 months.12 One patient pre-
ented at 4 months with transient ischemic attacks and was
ound to have stenosis at the distal anastomosis that was
reated with carotid angiography and stenting.
Donas reported a 5-year primary patency for synthetic
rafts at 88.9% compared with 66.4% for vein grafts.13
hey attributed the high postoperative stroke rate (three
ut of five patients) with vein grafts to kinking of the graft.
ike carotid endarterectomy, graft or patch thrombosis is a
ignificant early complication that mandates an interven-
ion; late thrombosis is most likely asymptomatic and man-
ged nonoperatively.
Miyachi described one of the first case reports of en-
ovascular repair of a carotid aneurysm, and since then
here have been multiple reports with favorable out-
omes.10,14-17 Repair involves one of two approaches;
lacement of a stent graft or a bare metal stent with coiling
f the aneurysm through the struts. The latter approach is
est suited for saccular aneurysms or pseudoaneurysms
ith anatomically suitable neck. Zhou and colleagues re-
ort the largest series of endovascular interventions in 14
atients with goodmidterm outcomes.10 A systemic review
f endovascular repairs of carotid aneurysms reviewed 113
tudies with a total of 224 patients. The midterm results
ere comparable to open repairs with an in-hospital mor-
ality of 4.1%, stroke rate of 1.8%, and cranial nerve injury
ncidence of 0.5%.18 Like atherosclerotic carotid artery
isease, endovascular repair may be preferred in anatomi-
ally high lesions, hostile necks, and possibly high-risk
atients.
Similarly, open repairs can be undertaken using many
echniques, and, while the different approaches have not
een compared, the outcomes seem to be comparable.
atients with false or pseudoaneurysms, and those with
eurologic symptoms, must be offered repair regardless of
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the aneurysm is 150% or greater than the size of a normal
artery (based on contralateral measurements or expected
size). At our institution, we found that resection with
primary anastomosis is best suited for atherosclerotic aneu-
rysms when the artery is redundant. Interposition or bypass
grafts are used when no redundancy is found in the carotid
artery, and patch angioplasty is preferred in cases of trau-
matic pseudoaneurysms. We reserve the endovascular ap-
proach for those with prior neck surgery, irradiated fields,
anatomically inaccessible lesions, or in medically high-risk
patients. Ligation of the aneurysm is reserved as a last
resort.
CONCLUSIONS
Aneurysms and pseudoaneurysms of the ECCA are
infrequent and generally need repair to prevent stroke.
Repair is safe and can be undertaken with very acceptable
perioperative complication rate and excellent long-term
results. Reported perioperative complications include tran-
sient ischemic attacks, stroke, cranial nerve injury, and
death from comorbid conditions. While open repair has
been our favored approach, endovascular therapy is an
appropriate alternative in selected cases with encouraging
midterm results.
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